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&DURO 7HQRSLU
7ZR \HDUV DJR D OLEUDULDQ FROOHDJXH DQG , VWDUWHG
VXUYH\LQJ DFDGHPLF UHVHDUFK OLEUDULHV WR ILQG RXW KRZ
WKH JURZLQJ XVH RI HOHFWURQLF UHIHUHQFH VRXUFHV KDV
DIIHFWHG WKH MREV RI OLEUDULDQV
 $OWKRXJK ZH GLGQ
W
IRFXV RQ LQVWUXFWLRQ OLEUDULDQV LQ SDUWLFXODU PDQ\ RI
RXU UHVSRQVHV FDPH IURP LQVWUXFWLRQ OLEUDULDQV RU IURP
UHIHUHQFH OLEUDULDQV ZLWK LQVWUXFWLRQDO GXWLHV :H XVHG
D PDLOHG TXHVWLRQQDLUH IROORZHG XS ZLWK VHYHUDO URXQGV
RI LQSHUVRQ RU WHOHSKRQH LQWHUYLHZV 0DQ\ SHRSOH KDYH
FRQWLQXHG WR FRQWDFW PH ZLWK XSGDWHG LQIRUPDWLRQ RU
VWRULHV DERXW WKHLU H[SHULHQFHV
1RW VXUSULVLQJO\ LQ WKLV VXUYH\ DQG VXEVHTXHQW
IROORZXSV ZH IRXQG PDQ\ GLIIHUHQW W\SHV RI LPSDFWV
ERWK LQ WKH GD\WRGD\ MREV DQG LQ WKH SHUFHLYHG UROHV
RI WKH OLEUDULDQV :H DOVR IRXQG WKLQJV WKDW KDYH QRW
FKDQJHG
:H IRXQG LPSDFWV RU FKDQJHV LQ EXGJHWLQJ DQG
LQ FROOHFWLRQ GHYHORSPHQW SURFHGXUHV PRUH HPSKDVLV
RQ VRIWZDUH HYDOXDWLRQ DQG GHVLJQ WKH DGGLWLRQ RI D
QHZ VHW RI WHFKQLFLDQ GXWLHV VXFK DV FKDQJLQJ LQN
FDUWULGJHV DQG IL[LQJ MDPPHG SULQWHUV UHDUUDQJHPHQW
RI SK\VLFDO ZRUNVSDFH DQG VR IRUWK :H IRXQG QR
FKDQJH LQ WKH FRQFHUQ IRU VWUHWFKLQJ EXGJHW GROODUV DV
IDU DV SRVVLEOH IRU FKRRVLQJ WKH EHVW UHVRXUFHV IRU WKH
FROOHFWLRQ DQG IRU SURYLGLQJ WKH EHVW SRVVLEOH VHUYLFH
IRU WKH JUHDWHVW QXPEHU RI SHRSOH ZLWK OLPLWHG VWDII DQG
OLPLWHG KRXUV
7HQRSLU ZDV SURIHVVRU 6FKRRO RI /LEUDU\ DQG
,QIRUPDWLRQ 6WXGLHV 8QLYHUVLW\ RI +DZDLL DW 0DQRD 6KH
LV QRZ SURIHVVRU 6FKRRO RI ,QIRUPDWLRQ 6FLHQFHV
8QLYHUVLW\ RI 7HQQHVVHH
%XW E\ IDU WKH PRVW SURIRXQG DQG , WKLQN WKH
PRVW LQWHUHVWLQJ LPSDFWV FDPH LQ WKH LQVWUXFWLRQDO UROH
DQG GXWLHV RI WKH SXEOLF VHUYLFHV OLEUDULDQV
,QVWUXFWLRQDO OLEUDULDQV NQRZ WKDW EXW MXGJLQJ
IURP WKH UHVSRQVHV , JRW WR RXU DUWLFOHV PDQ\ DGPLQLV
WUDWRUV GDWDEDVH SURGXFHUV DQG OLEUDULDQV LQ RWKHU SDUWV
RI WKH OLEUDU\ GR QRW UHDOL]H LW
2QH XQLYHUVLW\ OLEUDU\ GLUHFWRU H[SUHVVHG VXUSULVH
WKDW HOHFWURQLF UHIHUHQFH VRXUFHV GLGQ
W VROYH WKH
LQVWUXFWLRQDO SUREOHP DV KH FDOOHG LW D KHDG RI
SXEOLF VHUYLFHV ZKLOH UHFRJQL]LQJ WKH LPSRUWDQFH RI
LQVWUXFWLRQ ZLWK HOHFWURQLF UHVRXUFHV WKRXJKW SHUKDSV
WKH VROXWLRQ ZDV WR IRFXV RQ MXVW RQH RU WZR RSWLRQV
VXFK DV &'520 IRU H[DPSOH DQG OHW VRPHRQH HOVH
RQ FDPSXV RU RWKHU OLEUDULHV FRSH ZLWK RWKHU HOHFWURQLF
RSWLRQV PRUH WKDQ RQH GDWDEDVH SURGXFHU RU VRIWZDUH
YHQGRU RIIHUHG WKH VROXWLRQ RI SXUFKDVLQJ RQO\ WKHLU
SURGXFWV RU WKHLU VHDUFK VRIWZDUH
,QVWUXFWLRQDO DQG UHIHUHQFH OLEUDULDQV UHDOL]H WKDW
WKHUH LV QRW RQH HDV\ DQVZHU <RX DOVR UHDOL]H , WKLQN
WKDW LQVWUXFWLRQ ZLWK HOHFWURQLF UHVRXUFHV LV QRW VR PXFK
DSUREOHP EXW DQ RSSRUWXQLW\ $Q RSSRUWXQLW\ WR UHDFK
PRUH VWXGHQWV IDFXOW\ DQG RWKHU XVHUV WKDQ HYHU
EHIRUH DQ RSSRUWXQLW\ WR WU\ QHZ PHWKRGV DQ RSSRUWX
QLW\ WR JHW RXW RI DQ\ LQVWUXFWLRQDO UXWV \RX PD\ KDYH
IRXQG \RXUVHOYHV LQ
2I FRXUVH RSSRUWXQLW\ PHDQV FKDQJH RU DW OHDVW
H[DPLQLQJ ZKDW \RX GR DQG KRZ \RX GR LW ZLWK WKH
SRVVLELOLW\ RI FKDQJH $Q\ W\SH RI FKDQJH PHDQV D
FHUWDLQ DPRXQW RI VWUHVV
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)LJXUH  5HIHUHQFH 2SWLRQV
, ZRXOG OLNH WR VKDUH ZLWK \RX VRPH RI WKH GDWD
SOXV UHDFWLRQV FRPPHQWV DQG LGHDV WKDW , KDYH JDWK
HUHG IURP \RXU FROOHDJXHV DURXQG WKH FRXQWU\ :KDW
HOHFWURQLF RSWLRQV DUH EHLQJ XVHG" +RZ LV HOHFWURQLF
UHIHUHQFH FKDQJLQJ LQVWUXFWLRQ DQG KRZ LV LW QRW"
:KDW GRHV WKDW PHDQ LQ \RXU GDLO\ MREV DV ZHOO DV LQ
\RXU IXWXUH UROH" +RZ DUH VRPH RI \RX DGMXVWLQJ"
/HW PH DOVR VD\ WKDW \RX GRQ
W DOZD\V RIIHU WKH
VDPH RSWLRQV KDYH WKH VDPH DSSURDFK RU DJUHH DERXW
ZKDW LV WKH EHVW DSSURDFK , FDQ RIIHU \RX QR RQH ULJKW
DQVZHUEHFDXVH WKHUH LVQ
W RQH %XW E\ VKDULQJ ZKDW
RWKHUV DUH GRLQJ DQG IHHOLQJ SHUKDSV \RX FDQ UHWKLQN
ZKDW LV ULJKW IRU \RX DQG \RXU OLEUDU\
, KDYH VHSDUDWHG P\ UHPDUNV LQWR WZR SDUWV ILUVW
IDFWXDO LQIRUPDWLRQ RQ HOHFWURQLF RSWLRQV DQG VHFRQG
FRPPHQWV DQG UHDFWLRQV WR WKH LPSDFW RQ OLEUDU\
LQVWUXFWLRQ DQG UHIHUHQFH VHUYLFHV )DFWXDO LQIRUPDWLRQ
VKRZV ZK\ LQVWUXFWLRQ KDV JRWWHQ PRUH FRPSOH[ QRW
QHFHVVDULO\ PRUH GLIILFXOW LQ WKH ODVW IHZ \HDUV
,Q RXU VXUYH\ DQG LQ RWKHU VXUYH\V RI GLIIHUHQW
W\SHV RIOLEUDULHV WKH SDFH DW ZKLFK HOHFWURQLF UHIHUHQFH
LV WDNLQJ KROG EHFRPHV HYLGHQW LQ WKH PDQ\ RSWLRQV QRZ
DYDLODEOH WKDW ZHUH DGGHG LQ WKH ODVW GHFDGH RU WZR
)LJXUH  VKRZV WKH WKUHH PDLQ UHIHUHQFH RS
WLRQVUHPRWH RQOLQH ORFDO GDWDEDVHV DQG SULQWLQ
OLEUDULHV WRGD\  5HPRWH RQOLQH VHUYLFHV WKRVH VHUYLFHV
ZKHUH WKH LQIRUPDWLRQ LWVHOI LV KRXVHG LQ DQRWKHU
ORFDWLRQ WKDW \RX JHW DFFHVV WR E\ GLDOLQJ LQ FDQ EH




&RPPHUFLDO V\VWHPV FDQ EH WKRVH IRU WKH LQWHUPH
GLDU\ VHDUFKHU RU SURIHVVLRQDO LQ WKH ZRUNSODFH VXFK
DV ',$/2* %56 DQG (3,& DQG WKRVH IRU HQGXVHUV
VXFK DV %56 $IWHU 'DUN )LUVW6HDUFK &RPSX6HUYH
3URGLJ\ DQG $PHULFD 2QOLQH 6RPH FDQ ILW LQ HLWKHU
ER[ VXFK DV 'RZ -RQHV 1HZV5HWULHYDO RU 0HDG
GHSHQGLQJ RQ KRZ WKH\ DUH EHLQJ XVHG
$OWHUQDWLYH RQOLQH V\VWHPV LQFOXGH WKH PDQ\
LQIRUPDWLRQ UHVRXUFHV FUHDWHG E\ OLEUDULHV DQG XQLYHUVL
WLHV WKDW DUH DFFHVVLEOH RYHU WKH ,QWHUQHW EXOOHWLQ
ERDUGV DQG RWKHU RIWHQ IUHH VWDWH RU ORFDO RSWLRQV ,Q
+DZDLL IRU H[DPSOH ZH KDYH D VHUYLFH FDOOHG )<, WKDW
SURYLGHV DFFHVV WR DOO WKH VWDWH OHJLVODWLYH DFWLRQV DQG
PDQ\ RWKHU VWDWH SURFHGXUDO GRFXPHQWV
2Q WKH RWKHU PDLQ EUDQFK DUH ORFDO GDWDEDV
HVPHDQLQJ WKH OLEUDU\ RU XVHU SXUFKDVHV RU OHDVHV WKH
LQIRUPDWLRQ LQ HOHFWURQLF IRUP DQG EULQJV LW LQKRXVH
<RX KDYH WKH UHVSRQVLELOLW\ IRU SURYLGLQJ DGHTXDWH
KDUGZDUH IRU WKH GDWD DQG \RX SD\ IRU LW XSIURQW IRU
XVXDOO\ XQOLPLWHG XVH 7KH WZR PDLQ ORFDO DFFHVV
RSWLRQV DUH RI FRXUVH &'520 DQG ORFDOO\ ORDGHG
WDSHV
$FWXDOO \ WKH ERXQGDULHV EHWZHHQ RSWLRQV DUH QRW
DV FOHDU DV LPSOLHG LQ DQ RUJDQL]DWLRQDO FKDUW ,QWHUQHW
FDQ EH XVHG DV D PHWKRG WR DFFHVV FRPPHUFLDO VHUYLFHV
&'520 GDWDEDVHV DUH FRQQHFWHG WKURXJK QHWZRUNV
VR EUDQFK OLEUDULHV RU GLDOLQ XVHUV FDQ DFFHVV WKHP
UHPRWHO\ SULQW JHWV VFDQQHG DQG PDGH DYDLODEOH RQOLQH
RU &' ORFDOO\ ORDGHG WDSHV PD\ EH SXWXS RQ DQ 23$&
DFFHVVLEOH RYHU ,QWHUQHW VR HYHQ VHSDUDWH OLEUDU\ V\VWHPV
FDQ DFFHVV RWKHU OLEUDULHV
 ORFDO GDWDEDVHV UHPRWHO\
 &$52/ 7(123,5 
/RFDO
,QWHUQHW
      B








)LJXUH  'DWDEDVH 7LPHOLQH
:KDW LV UHPRWH IRU \RX LV ORFDO IRU VRPHRQH HOVH /RRN
IRU PRUH EOXUULQJ RI OLQHV LQ WKH IXWXUH DV ZH DOO WU\
WR PD[LPL]H DFFHVV RSSRUWXQLWLHV
,W LV KHOSIXO WR SXW DOO RI WKLV LQWR KLVWRULFDO FRQWH[W
WR VHH ZKHUH ZH
YH FRPH IURP DQG PD\EH ZKHUH ZH
DUH JRLQJ $ GDWDEDVH VHDUFKLQJ WLPHOLQH DV VHHQ LQ
ILJXUH  FDQ KHOS ZLWK ERWK

(YHU\WKLQJ EHIRUH  ZH FDQ FDOO %& EHIRUH
FRPSXWHUV RU 7KH $JH RI 3ULQW  (OHFWURQLF UHIHUHQFH
EHJDQ RQ D VPDOO VFDOH DOPRVW WKLUW\ \HDUV DJR ZLWK WKH
1DWLRQDO /LEUDU\ RI 0HGLFLQH
V GHYHORSPHQW RI WKH
0HGODUV V\VWHP 0HGODUV ZDV ILUVW DYDLODEOH IRU EDWFK
VHDUFKLQJ LQ  VRPH RI \RX PD\ KDYH D KDUG WLPH
LPDJLQLQJ WKH SURFHVV RI VXEPLWWLQJ D VHDUFK UHTXHVW
LQ ZULWLQJ WR 1/0 WKHQ ZDLWLQJ D ZHHN RU WZR WR
ILQDOO\ JHW D SULQWRXW RI FLWDWLRQV RQ \RXU WRSLF
7KLV FKDQJHG WR LQWHUDFWLYH RQOLQH OLNH ZH NQRZ
WRGD\ LQ WKH HDUO\ V ZLWK 1/0 ',$/2* DQG
25%,7 WKH ILUVW SXEOLFO\ DYDLODEOH UHPRWH RQOLQH
V\VWHPV DQL LQH VHDUFKLQJ EHFDPH PXFK PRUH FRPPRQ
DIWHU WKH ILUVW SDFNHWVZLWFKLQJ QHWZRUNV VXFK DV
7\PQHW EHFDPH DYDLODEOH LQ  2QOLQH XVHUV QR
ORQJHU KDG WR PDNH D ORQJ GLVWDQFH FDOO VR RQOLQH EHJDQ
WR JHW D ELW PRUH DIIRUGDEOH
)RU LWV ILUVW WHQ \HDUV RI GHYHORSPHQW RQOLQH ZDV
SUHWW\ PXFK WKH GRPDLQ RI OLEUDULDQV DQG RWKHU SURIHV
VLRQDO VHDUFKHUV DV LQWHUPHGLDULHV ZLWK VRPH H[FHSWLRQV
LQ WKH ZRUNSODFH VXFK DV ODZ\HUV 7KH ILUVW DFWLYH
PDUNHWLQJ WR ZLGHVSUHDG QXPEHUV RI HQGXVHUV FDPH
LQ WKH HDUO\ V DIWHU ,%0 LQWURGXFHG WKH 3& ZLWK
V\VWHPV OLNH &RPSX6HUYH %56 $IWHU'DUN DQG
.QRZOHGJH ,QGH[
&'520 FDPH RQ WKH VFHQH VWDUWLQJ LQ  DQG
ORFDO ORDGLQJ RI GDWDEDVH WDSHV WRRN RII LQ D ELJ ZD\
MXVW D IHZ \HDUV DJR ,QWHUQHW LV WKH RQOLQH SKHQRPHQRQ
JURZLQJ WKH PRVW ULJKW QRZ $OWKRXJK ,QWHUQHW KDV EHHQ
DURXQG LQ RQH IRUP RU DQRWKHU DOPRVW DV ORQJ DV
FRPPHUFLDO RQOLQH LW ZDVQ
W XQWLO MXVW DERXW D \HDU DJR
ZKHQ ,QWHUQHW ZDV RSHQHG XS WR D ZLGH XVHU FRPPXQL
W\ WKDW LW EHJDQ WR KDYH D SURIRXQG LPSDFW
:KDW LV LQWHUHVWLQJ DERXW WKLV WLPHOLQH LV WKDW ZLWK
WKH H[FHSWLRQ RI EDWFK VHDUFKLQJ QRQH RI WKH RSWLRQV
GLVDSSHDUV ZKHQ D QHZ RQH FRPHV RQ WKH VFHQH 7KH
QHZ RSWLRQV MXVW JHW SLOHG XS RQ WRS RI WKH ROGHU RQHV




)LJXUH  8VHUV RI (OHFWURQLF 2SWLRQV
$FWXDOO\ LW LV PRUH OLNH DQ XSVLGHGRZQ S\UDPLG
LQ WHUPV RI WKH QXPEHU RI XVHUV RU QXPEHU RI SHRSOH
DIIHFWHG E\ HDFK RSWLRQ VHH ILJXUH  7KH QHZHU
HOHFWURQLF RSWLRQV DIIHFW PDQ\ PRUH SHRSOH DQG DUH
H[SDQGLQJ HOHFWURQLF LQIRUPDWLRQ DFFHVV WR WHQV RI
WKRXVDQGV DQG HYHQ PLOOLRQV DQG SHUKDSV VKRXOG EH








0HGLDWHG 2QOLQH 2QOLQH (QG 8VHU &'520 23$& 'DWDEDVHV
B  RI /LEUDULHV B 3URMHFWHG
)LJXUH  6HDUFKLQJ LQ $5/ /LEUDULHV
RFFXS\LQJ D ODUJHU SHUFHQWDJH RI \RXU LQVWUXFWLRQDO
HIIRUWV DOWKRXJK WKH\ GRQ
W VHHP WR \HW
5HVHDUFK OLEUDULHV DUH RIWHQ WKH OHDGHUV LQ LPSOH
PHQWLQJ QHZ WKLQJV 0HPEHUV RI WKH $VVRFLDWLRQ RI
5HVHDUFK /LEUDULHV $5/ DUH RIWHQ HDUO\ DQG HQWKXVLDV
WLF DGRSWHUV RI QHZ WHFKQRORJLHV ,Q UHVHDUFK OLEUDULHV
DV \RX ZRXOG H[SHFW PXOWLSOH HOHFWURQLF RSWLRQV DUH
WKH UXOH )LJXUH  VKRZV WKDW LQ PLG  SHUFHQW
RIIHUHG LQWHUPHGLDU\ RQOLQH  SHUFHQW RIIHUHG &'
520  SHUFHQW RIIHUHG HQGXVHU RQOLQH DQG 
SHUFHQW RIIHUHG ORFDOO\ ORDGHG GDWDEDVHV $Q DGGLWLRQDO
 SHUFHQW SODQQHG WR KDYH ORFDOO\ ORDGHG GDWDEDVHV
XS E\ PLG 7KLV VXUYH\ ZDV FRQGXFWHG EHIRUH
2&/& )LUVW6HDUFK DQG EHIRUH WKH KHDY\ LQYROYHPHQW
LQ ,QWHUQHW WKDW WKHUH LV QRZ VR , VXVSHFW WKH HQGXVHU
RQOLQH LV QRZ XS ZLWK WKH RWKHUV RU VKRXOG EH
$OWKRXJK WKH DPRXQW RI HPSKDVLV RQ VRPH RI WKHVH
RSWLRQV VXFK DV LQWHUPHGLDU\ RQOLQH PD\ JR GRZQ DV
QHZ RSWLRQV DUH DGGHG YHU\ IHZ OLEUDULHV KDYH HOLPL
QDWHG RU DUH VHULRXVO\ WKLQNLQJ RI HOLPLQDWLQJ RSWLRQV
7KH $PHULFDQ /LEUDU\ $VVRFLDWLRQ JDWKHUV
VWDWLVWLFV IURP DOO W\SHV RI DFDGHPLF LEUDULHV DV VKRZQ
LQ ILJXUH  $OWKRXJK IHZHU OLEUDULHV VXSSRUW DOO RI WKH
HOHFWURQLF RSWLRQV IRXQG LQ DFDGHPLF UHVHDUFK OLEUDULHV
WKHUH LV VWLOO DQ LPSUHVVLYH YDULHW\ RI RSWLRQV LQ OLEUDULHV
IURP WZR\HDU FROOHJHV WR 3K'JUDQWLQJ LQVWLWXWLRQV
7KH 3XEOLF /LEUDU\ $VVRFLDWLRQ JDWKHUV VWDWLVWLFV IRU
SXEOLF OLEUDU\ V\VWHPV EURNHQ GRZQ E\ VL]H RI XVHU
SRSXODWLRQ DQG RYHUDOO  )LJXUH  VXPPDUL]HV WKH
RYHUDOO QXPEHUV IRU XVH RI HOHFWURQLF UHIHUHQFH RSWLRQV
,W LV KDUGHU WR JHW JRRG QXPEHUV IRU VSHFLDO DQG
IRU VFKRRO OLEUDULHV 6SHFLDO OLEUDULHV KDYH ORQJ EHHQ
 /2(;
WKH ELJJHVW XVHUV RI FRPPHUFLDO RQOLQH V\VWHPV DQG
PDQ\ XVH WKH RWKHU HOHFWURQLF UHIHUHQFH RSWLRQV DV ZHOO
EXW LQ VPDOOHU QXPEHUV 6FKRRO OLEUDULHV DUH HQWKXVLDVWLF
XVHUV RI &'520 DQG DUH D IDVW JURZLQJ VHJPHQW RI
RQOLQH XVH EXW WKH\ DFFRXQW IRU YHU\ OLWWOH LQ WHUPV RI
RQOLQH UHYHQXHV
$V , VDLG LQ WKH 0D\  2QOLQH PDJD]LQH 7KH
ERWWRP OLQH LV QRW VXUSULVLQJ PRUH HOHFWURQLF UHIHUHQFH
RSWLRQV DUH EHLQJ DGGHG LQ OLEUDULHV DQG DUH EHLQJ XVHG
E\ PDQ\ PRUH OLEUDU\ SDWURQV WR FRQGXFW D JUHDWHU
QXPEHU RI VHDUFKHV UHVXOWLQJ LQ UHWULHYDO RI D PXFK
JUHDWHU DPRXQW RI LQIRUPDWLRQ 
+RZ LV WKH LQFUHDVLQJ GLYHUVLW\ RI RSWLRQV DIIHFWLQJ
LQVWUXFWLRQDO DQG UHIHUHQFH OLEUDULDQV" 2XU IROORZXS
LQWHUYLHZV LGHQWLILHG PDQ\ LPSDFWV $OO TXRWHV JLYHQ
KHUH DUH IURP WKH VXUYH\ DQG IROORZXS LQWHUYLHZV 
7KH FRPPHQWV RQ LPSDFWV FDQ EH VHSDUDWHG LQWR
WZR LQVWUXFWLRQDO DUHDV
 SRLQWRIXVH LQVWUXFWLRQ DQG
 IRUPDO ELEOLRJUDSKLF LQVWUXFWLRQ FODVVHV
7KH ILUVW WKLQJ WKDW DOPRVW HYHU\RQH WROG XV LQ RXU
VXUYH\V LV WKDW WKH UHIHUHQFH DUHD ZKHUH WKH ZRUNVWD
WLRQV DUH KDV EHFRPH EXVLHU 0RVW VD\ WKDW WKH UHIHUHQFH
GHVN LV EXVLHU DV ZHOO
7KH LQFUHDVH LQ SRLQWRIXVH LQVWUXFWLRQ LV DOPRVW
DOO GXH WR RQH WHFKQRORJ\ &'520 7KH QHHG IRU
GHYHORSLQJ DQG VRPHWLPHV LQWHUSUHWLQJ FXVWRPL]HG
SULQWHG LQVWUXFWLRQV WKDW 620( SHRSOH XVH PRUH WLPH
UHTXLUHG WR KHOS HDFK QHZ XVHU QRW RQO\ WR JHW VWDUWHG
EXW RIWHQ WKURXJKRXW WKH VHDUFK DQG WURXEOHVKRRWLQJ













'RFWRUDWH &RPSUHKHQVLYH /LEHUDO $UWV 7ZR<HDU
B 2QOLQH 'E B &'520 & /RFDO 7DSHV
)LJXUH  $FDGHPLF /LEUDULHV
KDUGZDUH DQG VHDUFKLQJ SUREOHPV PDNH WKH KRXUV RQ
WKH UHIHUHQFH GHVN IO\ E\
3DUW RI WKDW KDV WR GR ZLWK WKH VWLOO UHODWLYH
QHZQHVV RI &'520 IRU PDQ\ XVHUV 2QH OLEUDULDQ
VDLG , VSHQG D ORW PRUH WLPH DQVZHULQJ &'520
TXHVWLRQV DV RSSRVHG WR SDSHU LQGH[ TXHVWLRQV EHFDXVH
VSHQG PRUH WLPH H[SODLQLQJ WKLQJV SHUWDLQLQJ WR &'
520 VXFK DV %RROHDQ ZKDW LV DQ LQGH[ HWF , DVVXPH
SHRSOH KDYH XVHG SDSHU LQGH[HV EXW SHUKDSV QRW &'
520
7KDW LV DQ LPSDFW WKDW ZLOO FHUWDLQO\ FKDQJH RYHU
WLPH DV PRUH SXEOLF OLEUDULHV DQG VFKRRO OLEUDULHV KDYH
PRUH &'520V ,W LV FHUWDLQO\ LQ WKH EHVW LQWHUHVWV RI
DFDGHPLF DQG VSHFLDO OLEUDULHV WR HQFRXUDJH OLEUDULHV
DQG HOHFWURQLF UHVRXUFHV LQ VFKRROV
$OUHDG\ DIWHU D IHZ \HDUV ZLWK &'520 VRPH
OLEUDULDQV ILQG WKDW SHRSOH DUH GRLQJ PRUH LQGHSHQGHQW
O\ $ OLEUDULDQ IURP D SULYDWH WHFKQLFDO XQLYHUVLW\ WROG
XV 2XU XVHUV DUH TXLWH VRSKLVWLFDWHG FRPSXWHU DQG
GDWDEDVH XVHUV  WKH\ GRQ
W QHHG WRR PXFK KDQGKROG
LQJ 0RVW SUHIHU VHDUFKLQJ RQ WKHLU RZQ ,Q KHU FDVH
UHTXHVWV IRU KHOS KDG GHFUHDVHG ZLWK LQFUHDVHG &'
520 XVH
%XW EH FDUHIXO ,Q WKH OLEUDU\ PHQWLRQHG DERYH
WKH WUDIILF LQ WKH UHIHUHQFH DUHD DQG WKH XVH RI PDWHULDOV
KDYH JRQH XS GUDPDWLFDOO\ HYHQ WKRXJK WKH XVHUV DUHQ
W
UHTXHVWLQJ PXFK KHOS $QRWKHU OLEUDU\ DGPLWWHG WR XV
WKDW &'520 KDVQ
W KDG PXFK RI DQ LPSDFW RQ
LQVWUXFWLRQ RU RQ WKH EXVLQHVV RI WKH OLEUDU\ EHFDXVH
:H KDYHQ
W UHDOO\ SXVKHG SXEOLF DFFHVV WR PDQ\ RI
WKH &'520V 1RERG\ LQ WKH OLEUDU\ VHHPV WR EH DEOH
WR ILJXUH WKHP RXW :KDW SHRSOH GRQ
W NQRZ DERXW
WKH\ FDQ
W XVH DQG ZKDW WKH OLEUDU\ VWDII FDQ
W ILJXUH
RXW WKH\ PD\ EH UHOXFWDQW WR OHW RWKHUV NQRZ DERXW
%XW EDFN WR WKH PDMRULW\ WKDW DUH ILQGLQJ PRUH WLPH
VSHQW RQ SRLQWRIXVH UHIHUHQFH ZLWK &'520 ,Q VRPH
FDVHV WKHUH PD\ EH PRUH XVHUV DQG PRUH TXHVWLRQV EXW
LQ PRVW LW LV WKDW OLEUDULDQV DUH VSHQGLQJ PRUH WLPH ZLWK
HDFK LQGLYLGXDO 2QH OLEUDU\ WKDW IHOW SDUWLFXODUO\ EXV\
IRXQG WKDW WKH QXPEHU RI UHIHUHQFH TXHVWLRQV ZHQW XS
MXVW KRXU EXW LW VHHPHG OLNH PXFK PRUH WR WKH VWDII
EHFDXVH WKH\ VSHQW PRUH WLPH ZLWK HDFK TXHVWLRQHU
7KLV WDNLQJ RI PRUH WLPH ZLWK HDFK XVHU RI &'
520 LQGH[HV ZDV IRXQG WR EH WUXH LQ PDQ\ OLEUDULHV
,QVWUXFWLRQDO OLEUDULDQV RIWHQ VWD\ ZLWK D XVHU XQWLO D
VHDUFK LV FRPSOHWH RU DW OHDVW XQWLO WKH XVHU KDV UH
WULHYHG D PDQDJHDEO\ VL]HG VHW $OWKRXJK LW WDNHV PRUH
WLPH IRU HDFK TXHVWLRQ IURP DQ LQVWUXFWLRQDO YLHZSRLQW
VRPH YHU\ SRVLWLYH WKLQJV KDYH EHHQ KDSSHQLQJ
$FFRUGLQJ WR RQH OLEUDULDQ &'520 KDV
LQFUHDVHG P\ ZRUNORDG EHFDXVH LQVWHDG RI SDSHU , VHQG
WKHP WR &'520 1RZ LW LV PRUH LPSRUWDQW WR ILQG
RXW ZKDW WKH\ QHHG, GRQ
W ZDQW WR RYHUZKHOP
VWXGHQWV :H DUH JXLGLQJDVVLVWLQJ WKH VWXGHQWV PRUH
EHFDXVH WKH WHFKQRORJ\ KDV IRUFHG XV WR GR WKDW 
$QRWKHU VDLG , WHQG WR VSHQG PRUH WLPH KHOSLQJ
SHRSOH ZLWK WKH &'520V , WKLQN EHFDXVH LW LV
WHFKQRORJ\EDVHG EXW DFWXDOO\ SHRSOH XVLQJ SDSHU
VRXUFHV QHHG PRUH KHOS EHFDXVH WKH\ KDYH OHVV VXFFHVV
1RZ , VHH WKDW , VKRXOG KDYH VSHQW PXFK PRUH WLPH
ZLWK WKH VWXGHQWV DW WKH SDSHU LQGH[ ZKLOH QRZ , WKLQN
PRVW RI XV WDNH WKH WLPH DW WKH &'520 WR VHH ZKDW
WKH UHVXOWV RI WKH VWXGHQWV
 VHDUFKHV DUH
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)LJXUH  3XEOLF /LEUDULHV
7KH LQVWUXFWLRQDO UROH DW UHIHUHQFH KDV EHHQ
VWUHQJWKHQHG 7KHVH OLEUDULDQV IHHO WHFKQRORJ\ KHOSHG
JHW WKHP RXW RI D EDG KDELW RI DVVXPLQJ HYHU\RQH ZDV
JHWWLQJ VDWLVIDFWRU\ UHVXOWV RQFH WKH\ KDG EHHQ GLUHFWHG
WR D UHVRXUFH RU WDXJKW WKH UXGLPHQWV RI LWV XVH
7KLV OHDGV WR DQRWKHU IDLUO\ UDJLQJ GHEDWH DERXW
SRLQWRIXVH LQVWUXFWLRQ %HVLGHV KDYLQJ JRRG SULQWHG
PDWHULDOV RU RQVFUHHQ WXWRULDOV WKDW SHRSOH PD\RU PD\
QRW XVH ZKDW LV WKH OLEUDULDQ
V REOLJDWLRQ WR KHOS RU
LQVWUXFW WKRVH XVHUV ZKR GRQ
W DFWXDOO\ DVN IRU KHOS RU
LQVWUXFWLRQ" /DVW \HDU , ZURWH RQH RI P\ PRVW SRSXODU
/LEUDU\ -RXUQDO FROXPQV WLWOHG ,V ,W $Q\ RI 2XU
%XVLQHVV"  DIWHU RQH UHVSRQGHQW WR RXU VXUYH\ ZURWH
VRPH YHU\ WKRXJKWSURYRNLQJ FRPPHQWV TXHVWLRQLQJ
MXVW WKLV
<RX SUREDEO\ FDQ DOO UHODWH WDOHV OLNH WKDW RI WKH
6RFLRILOH VHDUFKHU ORRNLQJ WKURXJK RYHU  KLWV IRU
WKH VHDUFK WHUP FKLOGUHQ IRU WKRVH IHZ RQ SDUHQWDO
DXWKRULW\ RU RI WKH (5,& XVHU VHDUFKLQJ IRU VFKRROV
DQG GUXJWUXQFDWHG DQG SULQWLQJ RXW DOO  FLWDWLRQV
RQ WKH OLEUDU\VXSSOLHG SULQWHU DQG SDSHU
,I XVHUV DUH VDWLVILHG WKH DUJXPHQW JRHV WKDW LW LV
QRW RXU EXVLQHVV WR LQWHUIHUH RU WR LPSRVH RXU QRWLRQ
RI HIIHFWLYH VHDUFKLQJ 6RPH OLEUDULDQV DUJXH WKDW VLQFH
ZH KDYH QHYHU ZRUULHG DERXW KRZ JRRG WKH VWUDWHJLHV
DUH ZKHQ SHRSOH DUH XVLQJ SULQWHG UHVRXUFHV ZK\
VKRXOG ZH VWDUW ZLWK HOHFWURQLF"
7KH IDFW LV WKDW ZLWK HOHFWURQLF UHVRXUFHV LW LV PXFK
HDVLHU WR GR D UHDOO\ EDG DQG PRUH WLPHFRQVXPLQJ
RU PRUH SDSHUFRQVXPLQJ VHDUFK WKDQ LW LV ZLWK SDSHU
-XVW EHFDXVH ZH KDYH IDLOHG VRPH XVHUV LQ WKH SDVW ZLWK
 /2(;
SDSHU UHVRXUFHV LW LV QR H[FXVH WR FRQWLQXH WR IDLO
XVHUV
6R LW LV RXU EXVLQHVV EXW XS WR D SRLQW <RX DOO
NQRZ EHWWHU WKDQ , WKDW \RX FDQ
W VKRYH KHOS GRZQ DQ
XQZLOOLQJ WKURDW 6RPH SHRSOH ZLOO IOHH DW WKH ILUVW
DSSURDFK RI DQ DXWKRULW\ ILJXUH 3HHU WXWRUV KHOS LQ
VRPH FDVHV EXW QRW LQ DOO ,QFUHDVLQJO\ WKRVH UHWLFHQW
WR DVN IRU RU WDNH KHOS LI RIIHUHG QHYHU HYHQ KDYH WR
VHW IRRW LQ WKH OLEUDU\ 7KHUH LV D KXJH DQG JURZLQJ
JURXS RI XVHUV OLEUDULDQV QHYHU VHH
/RFDOO\ ORDGHG GDWDEDVHV DQG DFFHVV WR ,QWHUQHW
DUH KDYLQJ PXFK OHVV LPSDFW RQ SRLQWRIXVH LQVWUXFWLRQ
WKDQ &'520 7KLV LV IRU WZR PDLQ UHDVRQV  PDQ\
XVHUV DUH DFFHVVLQJ WKHVH V\VWHPV IURP UHPRWH ORFDWLRQV
DOPRVW DOO UHVHDUFK OLEUDULHV KDYH GLDOLQ DFFHVV WR
23$& DQG GDWDEDVHV RQ LW VR XVHUV DUHQ
W WKH FDSWLYHV
RI WKH OLEUDU\ EXLOGLQJ DQ\PRUH DQG  WKH LQWHUIDFH
WR JHW WR WKHVH UHVRXUFHV LV RIWHQ FRQVLVWHQW HYHQ LI WKH
VHDUFK V\VWHP ZKHQ \RX UHDFK D UHPRWH VLWH LVQ
W DQG
XVHUV ILQG LW HDVLHU WR JHW VWDUWHG :LWK ,QWHUQHW DQRWKHU
UHDVRQ LV WKDW LQ PDQ\ FDVHV WKH XVHUV MXVW GRQ
W WKLQN
LW KDV DQ\WKLQJ WR GR ZLWK OLEUDULDQV RU OLEUDULHV
7KH ODFN RI LPSDFW LV PRVW FHUWDLQO\ QRW EHFDXVH
RI ZKDW VHYHUDO UHVSRQGHQWV WR RXU IROORZXS VXUYH\V
WROG XV ZKHQ WKH\ VDLG QRW WKDW PDQ\ SHRSOH DUH XVLQJ
WKHVH GLDOXS GDWDEDVHV EHFDXVH PRVW SHRSOH DUH QRW
ZLOOLQJ WR H[SORUH 8VDJH ILJXUHV VKRZ TXLWH WKH
RSSRVLWH 7KHVH UHVRXUFHV DUH LQGHHG EHLQJ XVHG DQG
WKH\ DUH EHLQJ XVHG WKRXVDQGV RU WHQV RI WKRXVDQGV RI
WLPHV SHU ZHHN
 &$52/ 7(123,5 
1RW PDQ\ OLEUDULHV RIIHU WKH RSSRUWXQLW\ WR DVN
TXHVWLRQV ZKLOH UHPRWHO\ FRQQHFWHG 9HU\ IHZ XVHUV
ZLOO KDQJ XS GLDO D UHIHUHQFH GHSDUWPHQW DQG DVN D
TXHVWLRQ HVSHFLDOO\ LQ WKH PLGGOH RI WKH QLJKW 0RUH
OLEUDULHV QHHG WR UHWKLQN WKLV UROH RI SRLQWRIXVH
UHIHUHQFH IRU UHPRWH V\VWHPV ,
P JODG WR VHH WKDW D
IHZ OLEUDULHV DUH DGGLQJ 626 VHUYLFHV PRGHOHG DIWHU
WKH (DV\1HW JDWHZD\
V VHUYLFH ZKHUH D OLEUDULDQ ZLOO
LPPHGLDWHO\ UHVSRQG WR DQ 626 FRPPDQG W\SHG LQ E\
D XVHU  0RUH OLEUDULHV QHHG WR GR WKLV
%HWWHU PRGHOLQJ RI UHIHUHQFH LQWHUDFWLRQV LQWR
VRIWZDUH GHVLJQ ZLOO KHOS DV ZHOO :LWK &'520 WKH
OLEUDULDQ ZKR VDZ WKH XVHU UHDGLQJ WKURXJK WKRXVDQGV
RI FLWDWLRQV FRXOG RIIHU WR KHOS IRU ORFDOO\ ORDGHG
GDWDEDVHV WKH VRIWZDUH VKRXOG RIIHU WR KHOS 'HVLJQ RI
EHWWHU VRIWZDUH WKDW LQFRUSRUDWHV PRUH RI WKH OLEUDULDQ
LV EHFRPLQJ DQ LPSRUWDQW SDUW RI WKH LQVWUXFWLRQ
OLEUDULDQ
V UROH
)RUPDO LQVWUXFWLRQ LV OHVV UHDFWLYH DQG PRUH
SURDFWLYH WKDQ LQGLYLGXDOL]HG SRLQWRIXVH DQG PRUH
XQGHU WKH OLEUDULDQ
V FRQWURO LQ WHUPV RI FRQWHQW $OO
RIWKH OLEUDULDQV ZH WDONHG WR KDYH FKDQJHG WKHLU IRUPDO
LQVWUXFWLRQ LQ PRVW FDVHV WKH\ QRZ VSHQG WKH EXON RI
FODVV WLPH RQ &'520 ORFDOO\ ORDGHG GDWDEDVHV HQG
XVHU RQOLQH DQGRU ,QWHUQHW LQVWUXFWLRQ $OO RI WKHVH
RSWLRQV PD\ EH LQFRUSRUDWHG LQWR RQH FRPSUHKHQVLYH
FODVV RU VSHFLDO VKRUW FRXUVHV PD\ FRYHU RQO\ RQH RU
WZR RSWLRQV DW D WLPH
6RPH OLEUDULHV KDYH WDNHQ DQRWKHU WDFW DQG KDYH
HOLPLQDWHG IRUPDO LQVWUXFWLRQ /HW PH HODERUDWH RQ ERWK
RI WKHVH DSSURDFKHV WR FKDQJH 7KHUH DUH WKUHH PDLQ
ZD\V IRUPDO LQVWUXFWLRQ KDV FKDQJHG 7KHVH DUH 
FRQWHQW RI LQVWUXFWLRQ  IDFLOLWLHV IRU LQVWUXFWLRQ DQG
 HIIHFWLYHQHVV RI LQVWUXFWLRQ
$OPRVW DOO RI \RX KDYH UHWKRXJKW ZKDW FRQWHQW
VKRXOG EH LQ LQVWUXFWLRQ 7KH ELJ GHEDWH KHUH VHHPV
WR IDOO EHWZHHQ WHDFKLQJ SURFHGXUDO WKLQJV KRZ GRHV
WKLV VRIWZDUH ZRUN ZKDW NH\V GR , SUHVV WR GR D VHDUFK
RQ WKLV V\VWHP YV VHDUFKLQJ FRQFHSWXDO WKLQJV HIIHF
WLYH VHDUFK VWUDWHJ\ %RROHDQ ORJLF KRZ WR FKRRVH DQ
DSSURSULDWH GDWDEDVH
$V ZLWK PRVW WKLQJV LQ OLIH D EDODQFH RI ERWK VHHPV
WR EH EHVW 2QH OLEUDULDQ WROG XV , ILUVW WHDFK WKH EDVLF
IHDWXUHV RI WKH VRIWZDUH DQG WKH XVH RI WKH HTXLSPHQW
WKHQ , WHDFK WKHP FRQFHSWV %RROHDQ DQG WKLQNLQJ
FUHDWLYHO\ DERXW WHUPV 1RW HYHU\ VRIWZDUH SDFNDJH
RU HYHQ HYHU\ RSWLRQ FDQ EH WDXJKW DW RQFH SHRSOH
VLPSO\ FDQQRW UHPHPEHU WKDW PXFK GHWDLO
$OVR WHDFKLQJ HYHU\ IHDWXUH RI HYHU\ VRIWZDUH
SDFNDJH LV FRXQWHUSURGXFWLYH DW EHVW 6WXGHQWV QHHG
HQRXJK SUDFWLFDO LQIRUPDWLRQ WR JHW WKHP VWDUWHG DQG
WKHQ IROORZXS FODVVHV UHIHUHQFH DVVLVWDQFH *RRG
ZULWWHQ LQVWUXFWLRQV WDNH RYHU IURP WKHUH DV WKH QHHG
DULVHV
0RVW UHVSRQGHQWV DJUHH WKDW HIIHFWLYHQHVV RI
FRQWHQW DEVROXWHO\ UHOLHV RQ KDQGVRQ SUDFWLFH (QRXJK
WR JHW WKHP VWDUWHG LQFOXGHV VXSHUYLVHG KDQGVRQ
SUDFWLFH RI EDVLFV 7KLV UHTXLUHV DGHTXDWH IDFLOLWLHV
7KH EHVW IDFLOLWLHV LQFOXGH D ODE ZKHUH VWXGHQW SDLUV
FDQ GR WKH KDQGVRQ DV SDUW RI WKH LQVWUXFWLRQ 0RUH
WKDQ RQH OLEUDULDQ FRPPHQWHG :H DUH EHJLQQLQJ WR
VHW XS D FODVVURRPNLQG RI DUUDQJHPHQW IRU WKH &'
520 DQG 23$& WHUPLQDOV :H ZLOO EH DEOH WR GR PRUH
DQG PRUH KDQGVRQ LQVWUXFWLRQ ZKHUH \RX FDQ LPPHGL
DWHO\ ILQG RXW ZKDW WKH SUREOHPV DUH 
/RWV RI KDQGVRQ H[HUFLVHV D PL[ RI FRQFHSWV DQG
SUDFWLFDO DVSHFWV DQG GLUHFW VWXGHQW LQYROYHPHQW DUH
LPSURYLQJ ELEOLRJUDSKLF LQVWUXFWLRQ IRU WKHVH VWXGHQWV
DQG IRU WKH OLEUDULDQV :RUGV , KHDU DUH OLYHOLHU
PRUH LQWHUDFWLYH HDVLHU EHWWHU PRUH HIIHFWLYH
DQG ODVW EXW QRW OHDVW PRUH IXQ 
7KHUH DUH D IHZ OLEUDULDQV ZKR VD\ HOHFWURQLF
UHVRXUFHV PDNH LQVWUXFWLRQ REVROHWH 2QH ZKR IHHOV WKLV
ZD\ LV LQ D OLEUDU\ ZLWK QR VSHFLDO IDFLOLWLHV IRU LQVWUXF
WLRQ DQG QR DFFHVV WR D ODE ZLWK ZRUNVWDWLRQV IRU
LQVWUXFWLRQ 5DWKHU WKDQ WU\LQJ WR GR LQVWUXFWLRQDO
FODVVHV ZLWK QR KDQGVRQ VKH GHFLGHG WR VWRS IRUPDO
FODVVHV DOWRJHWKHU
$QRWKHU IHHOV VWXGHQWV GR EHWWHU LI WKH\ DVN
TXHVWLRQV ZKHQ WKH\ UHDOO\ QHHG WKH LQIRUPDWLRQ 7KLV
JRHV IRU SULQWHG LQVWUXFWLRQDO PDWHULDOV DV ZHOO 2QH
VD\V :H RIIHU D PLQLPXP RI SULQWHG DQG YHUEDO
LQVWUXFWLRQV :LWK WKLQJV FKDQJLQJ VR IDVW ZKDW
V WKH
SRLQW RI ZDVWLQJ WLPH WHDFKLQJ SHRSOH KRZ WR GR WKLV
DQG WKDW" 7KHVH VHHP WR EH PLQRULW\ RSLQLRQV
(YHQ ZLWKRXW D ELJ ODERUDWRU\ WKRXJK LQVWUXFWLRQ
DOOLEUDULDQV DUH PDNLQJ FODVVHV OLYHOLHU :LWK MXVW RQH
ZRUNVWDWLRQ VRPH DUH GRLQJ LQWHUDFWLYH GHPRQVWUDWLRQV
ZKHUH WKH VWXGHQWV SRVH TXHVWLRQV DQG WKH OLEUDULDQ
VHDUFKHV 2WKHUV KDYH VWXGHQWV ZRUN LQ SDLUV ZLWK SDSHU
DQG SHQFLO DQG SULQW WKHVDXUXVHV WR GHYHORS D VHDUFK
VWUDWHJ\ 7KHQ LQ WXUQ HDFK SDLU VHDUFKHV WKHLU WRSLF
IRU WKH FODVV ,QVWUXFWLRQDO PDWHULDOV LQFOXGH PDQ\
SUDFWLFH H[HUFLVHV DV ZHOO DV VKRUW FKHDW VKHHWV IRU
YDULRXV VRIWZDUH
,
YH WDONHG D ORW DERXW ZKDW KDV FKDQJHG EXW ZKDW
KDVQ
W FKDQJHG" 7KH IXQGDPHQWDO QDWXUH RI WKH UROH DQG
UHVSRQVLELOLW\ RI WKH UHIHUHQFH DQG LQVWUXFWLRQDO OLEUDULDQ
KDV QRW FKDQJHG DV PDQ\ OLEUDULDQV WROG XV 7KH EDVLF
FRQFHSWV RI UHIHUHQFH VHUYLFH KDYH QRW FKDQJHG WKH
IRUPDW RI WKH VRXUFHV KDV DQG +RZ ZH LQWHUDFW ZLWK
WKH SDWURQV KDVQ
W UHDOO\ FKDQJHG :H WU\ WR KHOS WKH
LQGLYLGXDO DW WKH GHVN DQG WKH JURXS LQ FODVVHV ZKHUH
ZH HPSKDVL]H WKDW WKH\ VKRXOG FRPH EDFN WR WKH GHVN
IRU PRUH KHOS
7KH PHWKRGV PD\ EH GLIIHUHQW EXW WKH UHVSRQVLELOL
WLHV DUH WKH VDPHLW LV MXVW D ZKROH ORW PRUH IXQ IRU
HYHU\RQH FRQFHUQHG
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 &DURO 7HQRSLU DQG 5DOI 1HXIDQJ (OHFWURQLF 5HIHUHQFH
2SWLRQV +RZ 7KH\ 6WDFN 8S LQ 5HVHDUFK /LEUDULHV 2QOLQH
   DQG &DURO 7HQRSLU DQG 5DOI 1HXIDQJ
7KH ,PSDFW RI (OHFWURQLF 5HIHUHQFH RQ 5HIHUHQFH /LEUDUL
DQV 2QOLQH   
 &DURO 7HQRSLU &KRLFHV IRU (OHFWURQLF 5HIHUHQFH
/LEUDU\ -RXUQDO   -XO\  
 7HQRSLU &KRLFHV IRU (OHFWURQLF 5HIHUHQFH )RU
DQRWKHU WLPHOLQH VHH &KDUOHV 7 0HDGRZ 2QOLQH 'DWDEDVH
,QGXVWU\ 7LPHOLQH 'DWDEDVH   
 7HQRSLU DQG 1HXIDQJ (OHFWURQLF 5HIHUHQFH 2SWLRQV
 0DU\ -R /\QFK SURMHFW GLUHFWRU $OWHUQDWLYH 6RXUFHV
RI 5HYHQXH LQ $FDGHPLF /LEUDULHV &KLFDJR $/$ 

 3XEOLF /LEUDU\ $VVRFLDWLRQ 3XEOLF /LEUDU\ 'DWD 6HUYLFH
6WDWLVWLFDO 5HSRUW 
 &KLFDJR $/$  
 7HQRSLU DQG 1HXIDQJ ,PSDFW RI (OHFWURQLF 5HIHUHQFH

 7HQRSLU DQG 1HXIDQJ ,PSDFW RI (OHFWURQLF 5HIHU
HQFH 
 &DURO 7HQRSLU ,V ,W $Q\ RI 2XU %XVLQHVV" /LEUDU\
-RXUQDO  O $SULO  
 &\QWKLD 6FKRHQEUXQ (DV\1HW :KDW +DV %HFRPH
RI WKH 6PDOO *LDQW" 2QOLQH   
 /2(;  &$52/ 7(123,5 
